porcine fetuses. Using bovine fetuses and newborns, this study aimed to clarify the fate of and changes in the SEGI's cap during the perinatal period. Immunocytochemistry was performed for CgA and PGP 9.5 as markers of the endocrine and nervous elements concerned.
In the second trimester in bovine fetuses, numerous endocrine cells were confirmed, by CgA immunocytochemistry, to gather in the epithelium on the top of almost every duodenal villus, either in a single layer or accumulating in a rounded cell mass. They persisted until birth, though decreasing in number during the third trimester.
In these fetal periods the endocrine cells came to be invaginated into the lamina propria, and to be separated from the epithelium. They were attached by nerve fibers and shifted to the base of the villi and to the intercryptal tissue. The endocrine cell aggregations at the villous tips rapidly disappeared within three days after birth.
The intraepithelial endocrine cells (paraneurons) decreased in their immunoreactivity for CgA after they shifted into the lamina propria, whereas they increased in their immunoreactivity for PGP 9.5 while descending the villous interstitium.
Using immunocytochemistry for PGP 9.5, we were able to trace the descent of the endocrine cells in association with nerve fibers. Microscopic images were obtained supporting the possibility that the endocrine-type cells eventually might be taken up by the intramural plexuses of Meissner and Auerbach. Furthermore, the fetal and perinatal intestine revealed enlarged solitary endocrine cells and authentic neurons, as well as their intermediate types, in the villous and intercryptal interstitium. The present results indicate that the SEGI's caps in cattle are best developed in the second trimester of the fetal life, and do not support a hypothesis that the endocrine sensor cells in the caps principally function at the time of birth, especially for responding to the advent of colostrum. The endocrine or paraneuronal elements of the SEGI's cap appear to migrate into the interstitium to obtain more neuron-like features. A possibility that they may be incorporated in the intramural ganglia and further be transformed into neurons awaits further investigation.
In the small intestine of human fetuses, SEGI (1935) discovered a large aggregation of basal-granulated cells in a concavity formed on the top of intestinal villi. SEGI (1936) recognized that essentially every villus in the duodenum and the proximal jejunum of fetuses, from 5 to 8 months of gestation, possessed this cell aggregation. He described it, as one of the conspicuous cases in a 8 month fetus, measuring as large as 72um in diameter and 32am in height. It contained 64 nuclei of basal-granulated cells in a single 5um thick section. As the aggregation was convex in the base, pushing against the basement membrane, the whole shape of the structure resembled a saucer or cup. The concave surface of the grouped cells was devoid of the striated border which characterizes ordinary enterocytes.
The basal-granulated cells had been previously characterized as being scattered and never forming groups; moreover, if we consider the size of the aggregation of those cells comparable with the islet of Langerhans and its constant occurrence on such a particular site as the very top of every villus in human fetal gut, we can never overestimate its discovery by SEGI. Furthermore, his excellent technique of fixation and staining (azan) plus his precise observation enabled him to distinguish, among the basal-170 K. KAsuYA and T. FUJITA: granulated cells both in the aggregation and in routine portions of the epithelium, cell types with differently tinged granules-pink, orange, deep and pale blue. This observation at that time was quite advanced as the basal-granulated cells were then thought to be a single cell type under the name of "enterochromaffin cells", and not comprising the multiple types as are known today. The keen observation of this researcher is further evidenced by the fact that he clearly illustrated the apical process of the basalgranulated cells reaching the gut lumen as well as the cytoplasmic vacuoles intermingled with the basal granules, structures which were demonstrated by electron microscopy three decades later.
Due to the lack of the knowledge on the turnover of basal-granulated cells at that time, SEGI proposed a hypothesis that their aggregations at the top of the villi could be the origin of the solitary basalgranulated cells dispersed in the epithelium, i.e., that basal-granulated cells might be generated at the top of the villi, to be proliferated on an amitotic basis, and then distributed over the epithelium.
The striking structure reported by SEGI (1935 SEGI ( , 1936 as well as his pioneering observations on the basalgranulated cells in general long remained neither confirmed nor evaluated by modern researchers. In 1980, KOBAYASHI, who several years previously had come across the above mentioned papers by SEGI, confirmed the occurrence of that peculiar endocrine cell aggregation on his own preparations of human fetuses, and proposed to call it "SEGI's cap" (KOBAYASHI et al., 1980) . The SEGI's cap then attracted the attention of histologists and endocrinologists. IWANAGA et al. (1980) demonstrated, by immunocytochemical technique, somatostatin-, gastrin-and motilin-immunoreactive cells in the SEGI's cap in the duodenum of human fetuses at 5 and 6 months of gestation. These authors further identified EC, D and S cells by the ultrastructure of their secretory granules. In contrast to the view by SEGI, it came to be accepted that the endocrine cells (basal-granulated cells), arising in the crypt and migrating towards the top of villi with other epithelial cells, i.e., enterocytes and goblet cells, accumulate at the top of villi, because their lifespan is longer than that of the latter cells (IWANAGA et al., 1980; YAMADA et al., 1983; KOBAYASHI and SEGI, 1984) .
In species other than humans, YAMADA et al. (1981) found the SEGI's cap in cattle and pig fetuses in the latter half of gestation, and demonstrated gastrin-, somatostatin-, motilin-and secretin-immunoreactive cells in the caps in bovine fetuses. YAMADA et al. (1983) further demonstrated the presence of 5-hydroxytryptamine (5-HT)-and substance P-immunoreactive cells in the bovine caps. ALUMETS et al. (1983) confirmed the occurrence of SEGI's caps in the upper small intestine of porcine fetuses in the late period of gestation, and demonstrated the caps to consist mainly of cells immunoreactive for somatostatin, cholecystokinin and gastric inhibitory peptide. Also in porcine fetuses, ITO et al. (1985) detected in the caps nine kinds of cells immunoreactive for 5-HT, gastrin, bovine pancreatic polypeptide, secretin, somatostatin, cholecystokinin, gastric inhibitory polypeptide, motilin and leucine-enkephalin. They also reported that the caps were seen more frequently in the distal duodenum and proximal jejunum than in the proximal and middle duodenum.
The functional significances of the aggregation of endocrine cells on the top of intestinal villi have been investigated by researchers, but without success. After the structure was rediscovered by KOBAYASHI, Dr. SEGI, in his last years of life but still active in a quite different field of medicine (cancer epidemiology), published several papers (SEGI and KOBAYASHI, 1981) on the structure conferred his name. There he suggested a possible significance of the cap in contacting amniotic fluid taken by the fetus; endocrine cells in the cap might release their hormones in response to the chemical information from the amniotic fluid in order to regulate the intestinal activities in the fetal body. This assumption, however, was not convincing.
In 1993 Dr. Itsuro YAMANOUCHI, a renowned pediatrician and perinatal physiologist, gave-in the last year of his life-personal communications to one of the present authors (T. F.), showing his new idea of SEGI's cap functioning at and shortly after birth rather than during the fetal period. He presumed that at birth the concave tops of villi would be 'erected' by a sudden increase in the circulating blood in the lower half of the body. As a result, the endocrine cells might be pushed forward to the most favored place to detect the first arrival of milk, and to initiate the movement and secretion of the gut in response to it.
Concerning the SEGI's caps in postnatal stages, only a few reports are available. KURAMOTO et al. (1983) recorded that the caps were present in a neonatal calf before the suckling stage, though in a very low frequency of occurrence; they could not be seen in 3 or 4-week-old calves. ITO et al. (1985) reported that the caps were found in neonates before suckling and in 1 to 4-day-old piglets (suckling neonates), whereas they were not seen in a 1-week-old animal. As is presumed from these investigations, SEGI's caps seem to become extinct within several days after birth, but the process of this abrupt disappearance still remains to Perinatal Changes in Bovine SEGI's Caps 171 be elucidated. SEGI's cap in humans is better developed in size and frequency and forms a clearer concavity on the villus tip than in any other animals previously examined: cattle (YAMADA et al., 1981 (YAMADA et al., , 1983 KURAMOTO et al., 1983) , pigs (YAMADA et al., 1981; ALUMETS et al., 1983; ITO et al., 1985) , or monkeys (KOBAYASHI,1981) . Laboratory animals do not possess a cap in the intestinal villi at all, one of the reasons for the limited study of the SEGI's cap.
Using the intestine of cattle, the present study aims to clarify the fate of the endocrine cells in the SEGI's cap in the perinatal period, and attempts to find a clue to the functional raison d'etre of this peculiar structure. The main method of this study is immunocytochemistry using antibodies against chromogranin A (CgA) and protein gene product (PGP) 9.5.
Since the 1980s, CgA has been widely noted to be a marker substance of paraneuronal cells (O'CONNOR et al., 1983) . This is a large acidic protein, co-stored with amines or peptides in the secretory granules of a wide variety of endocrine and sensory paraneurons (IWANAGA et al., 1989; review: FUJITA et al., 1988) . On the other hand, PGP 9.5 is a cytoplasmic neuronspecific protein which is widely distributed in neurons of central and peripheral nervous systems (THOMPSON et al., 1983) and is also demonstrable in certain kinds of paraneurons (THOMPSON and DAY, 1988; IWANAGA et al., 1992) .
MATERIALS AND METHODS
Five cattle fetuses, three of them in the second trimester (5, 6 and 7 months) and two in the third trimester (9 months) (Table 1) , and six newborn cattle of either sex, between 1 h and 10 days after birth (Table 2) , have been employed in this investigation.
They were obtained at a local slaughterhouse and from local breeders. Part of them were paraffin blocks of intestinal tissues provided through the courtesy of Prof. J. YAMADA at the Obihiro University of Agriculture and Veterinary Medicine and of Dr. H. KURAMOTO at the Kyoto Institute of Technology. Table 1 . Cattle fetuses examined in the present study *paraffin blocks , courtesy of Prof. J. YAMADA Table 2 . Newborn cattle examined in the present study *paraffin blocks , courtesy of Prof. J. YAMADA and Dr.
H. KURAMOTO Table 3 . Sources and working dilutions of the antibodies used
All antibodies were raised in rabbits.
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The newborn cattle were killed by exsanguination.. The duodenum, sometimes with the pyloric canal and proximal jejunum, was dissected out from the abdomen of the fetuses and the newborns. Bouin's solution was infused into the lumen, and in a few minutes the gut was cut crosswise into slices about 5 mm in thickness, which were immersed in the same fixative. After embedding in paraffin, serial sections were prepared.
To detect the endocrine cells and to see their relation to nervous elements, an enzyme-labeled antibody (avidin-biotin complex) method was applied using antibodies against CgA and PGP 9.5. The sections were incubated overnight with each antibody. The immunoreactions were visualized by a streptoavidin-biotin staining kit (Histofine SAB-PO, Nichirei, Tokyo, Japan). In order to identify the kinds of endocrine cells in the aggregation of SEGI's cap, antibodies against six different gut hormones were used: gastrin, secretin, cholecystokinin-pancreozymin (CCK), serotonin, motilin and somatostatin. Details on the antibodies are given in Table 3 .
The criterion to identify a "cap" was decided as follows: an aggregation of more than several endocrine cells in the epithelium at the top of a villus, as recognized in a tissue section.
Since the thickness of a villus was estimated at less than 200um, more than 40 serial sections of 10um in thickness were cut, longitudinally to the villus, in order to examine the structure of each villus from one side's surface to the other. Each stained preparation was projected on a sheet of tracing paper. Aided by a parallel examination of the preparation under a light microscope, the endocrine cells in the cap were traced in the villi outlined on the paper. As a 10um slice would not necessarily hit some part of a cell aggregation in the cap ( Fig. 1 ), several sheets of paper were piled up on a light box, and each villus was closely examined to be judged with regard to the existence of the cap. The ratio for number of the caps/villi examined was calculated in each animal. 
SEGi's caps in cattle fetuses
The gestation period in cattle is approximately 280 days. In the present study, fetuses in the second and third trimester were examined with regard to the state of the endocrine cell aggregations on the villous tip of the small intestine.
In the second trimester, endocrine cell aggregations, as detected by CgA immunocytochemistry, could be found in the epithelium from the most oral portion of the duodenum to the proximal jejunum. In the duodenum, they were recognized on the top of almost every (more than 90%) villus as estimated in serially cut sections. They were decreased in occurrence and size distally along the jejunum. This study did not cover the distal small intestine and the large intestine, as the cell aggregations in question have been reported to be lacking in those portions by previous investigators (SEGI, 1936: humans; KURAMOTO et al., 1983: cattle) .
The intestinal villus was usually slightly swollen in its distal end, measuring 100-150um in thickness, and the endocrine cell aggregation occupied either its tip or its lateral incline. In both cases, the cell aggregation was shaped like a disc and comprised the base of a slight indentation on the tip or shoulder of the villus (Fig. 2) . The indentation was often lacking, the villous tip appearing simply convex in profile. Reversely, the indentation was occasionally deep and replaced by a pit, measuring as long as 10-30um; endocrine cells were gathered around the blind-end of such a pit.
The disc of the aggregated endocrine cells, when it was marked in appearance, measured 40-100um in diameter, comprising scores of endocrine cells. Larger discs, occupying the major area at an expanded tip portion of the villus, tended to be piled up in several endocrine cell layers, up to 50 um in height (Fig. 3) . The basal aspect of such an aggregation was usually convex towards the basement membrane, pushing it deep into the lamina propria. Smaller discs comprised a bud-like corpuscle consisting of only several endocrine cells.
In the endocrine cell layer facing the lumen, cells of the open type, i.e., those extending their apical processes to the lumen, were numerously identifiable. On the other hand, CgA-immunoreactive secretory granules of the cells were gathered towards the basement A small mass of endocrine cells (arrowhead) can be seen within the lamina propria (P) separated from the epithelium (E) . L central lacteal. x 800 membrane (Fig. 3) . Blood capillaries within the lamina propria were well developed around the aggregations (Fig. 2) .
In some (approximately 20%) villi, it was found that a few or a more considerable number of endocrine cells, immunoreactive for CgA, were gathered within the lamina propria (Fig. 2) . The connection of such cell groups with the epithelium was occasionally detectable. Many of them, however, were found separated from the epithelium even by careful examination of the serially cut sections.
Immunocytochemistry for PGP 9.5 also revealed the endocrine cell aggregations at the top of villi (Fig.  4b) . It was thereby noticed that the endocrine cells in the epithelium were immunostained rather modestly, whereas those located in the lamina propria were intensely immunoreactive (Fig. 4c) . At the same time, the submucosal (Meissner's) and the myenteric (Auerbach's) plexuses including their ganglion cells were clearly immunoreactive (Fig. 4a) . These nervous elements were not, or very slightly, immunoreactive for CgA.
Ganglion cells in those plexuses appeared at an early stage of development, still measuring 12-15 ,um in the cell size and showing premature structures of nuclei (8-12um in diameter). Besides such ganglion cells, a considerable number of PGP 9.5-immunoreactive cells with smaller cell bodies (8-10um) and nuclei (6-8um in diameter) could be found. Nerve fiber bundles in the villi and around the crypts could partly be traced to the plexuses. Along these nerve fibers, single or grouped PGP 9.5-immunoreactive cells were often recognized.
PGP 9.5-immunoreactive cell aggregations could be seen in the intercryptal interstitium near the base of the villi (Fig. 4d) . Large aggregations measured up to 60,um in diameter, containing about 30 cell nuclei, which measured 7-9,um in diameter. These cells could not be distinguished morphologically from the cells neighboring the ganglion cells in the plexuses. In some cell aggregations at this location a few neuronlike cells could be recognized, and it was often difficult to distinguish these cell aggregations from Meissner's ganglia located superficially. On the other hand, the cell aggregations within the lamina propria, as detected by PGP 9.5 immunocytochemistry, were increased in size as compared with those in the second trimester (Fig. 5 ). These cells seemed to be associated with the nerve fibers connected with the nerve plexuses.
SEGI's caps in newborn cattle
At 1 h and 4 h postnatally, the endocrine cell aggregations could still be found, by CgA immunocytochemistry, in nearly 90% of villi as was the case in the fetuses, but the cells forming each aggregation were markedly decreased in number and the indentations were inconspicuous on most villi. Nonetheless, one could find here and there typical, though small, endocrine cell aggregations at the top of the villi. CgAimmunoreactive cells of the open type could be recognized in these structures.
Images suggesting the invagination and migration of endocrine cells of the SEGI's cap were frequently demonstrated.
Apparently as the result of such a process, drop-like masses of endocrine cells, either connected with those in the epithelium or separated from them, were found in the lamina propria (Fig. 6) . Frequently encountered were such huge, compact cell masses of oval or irregular contour, measuring up to 90,um in diameter and often containing more than 100 nuclei as counted on a section.
The endocrine cells within the lamina propria were, as mentioned in the fetal cases, distinctly immunoreactive for PGP 9.5 (Fig. 7) . They mostly were still immunoreactive for CgA, albeit rather modestly.
Immunostaining for PGP 9.5 further revealed a dense distribution of nerve fibers in the lamina propria. Noteworthily, the endocrine cell masses were usually in close association with the nerve fibers (Fig. 7) .
In the intercryptal interstitium, PGP 9.5-immunoreactive cells were seen mostly close to the lamina muscularis mucosae. As compared with the fetal state, the cells comprising an aggregation were decreased in number, counting no more than 10; however, their nuclei were now relatively large, measuring up to 10,um in diameter, and the nucleoli were prominent in appearance.
In the cattle at 7 h, the endocrine cell aggregations within or associated with the epithelium could be found in about 50% of villi. Some of them were markedly invaginated into the lamina propria. In approximately 40% of villi, the endocrine cells were aggregated within the lamina propria, leaving no connection with the epithelium, even by careful examination of the serially cut sections (Fig. 8) . The cells within the lamina propria were intensely immunoreactive for PGP 9.5, and generally modestly for CgA. Such aggregations approached the top of the central lacteal to push it inwards. They were covered by a basement membrane, and the secretory granules of the cells facing the membrane were gathered towards it. Endocrine cell aggregations were seen also in lower positions of the villi and in the intercryptal interstitium (Fig. 9) .
The cell types involved in the aggregations in the epithelium and within the lamina propria were examined immunocytochemically only in the 7 h cattle. Immunoreactivities for six kinds of hormones could be identified in both cell aggregations in question. As to the population of the cell types, somatostatin-immunoreactive or D cells were in the majority, gastrin-immunoreactive or G and serotoninimmunoreactive or EC cells occupied some percentage respectively, and secretin-immunoreactive or S, motilin-immunoreactive or Mo, and CCK-immunoreactive or M cells were fewer. Cells immunoreactive for each hormone made mosaic-like cell clusters to form an entire aggregation (Fig. 10 ).
In the 1 day cattle, the endocrine cell aggregations in and associated with the epithelium could be found only in about 10% of villi; the CgA-immunoreactive cells involved in each aggregation were extremely decreased in number, no more than 10 cells forming a cell layer in the epithelium. The endocrine cell aggregations within the lamina propria, on the other hand, were increased in occurrence, being recognized in 60% of villi. These aggregations were scarcely immunoreactive for CgA, while intensely so for PGP 9.5. As compared with the aggregations in the 7 h cattle, most of them were located in lower positions, i.e., around the midpoint of the villi and even still lower. Intercryptal interstitium also contained such cell aggregations which were difficult to distinguish from Meissner's ganglia.
In the 3 day and the 10 day cattle, the endocrine cell aggregations in the epithelium could no longer be recognized by CgA immunocytochemistry.
The aggregations within the lamina propria were decreased in occurrence, being found in about 20% of villi in the 3 day cattle. They were located still deeper around the base of the villi, and between the crypts.
As the observations on the nervous elements did not show essential differences between the postnatal stages examined, they are here reported collectively. .5 immunocytochemistry revealed the distribution of the nerve fibers together with the plexuses of Meissner and Auerbach; the immunoreactive endocrine cells within the lamina propria were mostly attached by those nervous elements. Images suggesting the invasion of those cells to be incorporated by the nervous plexuses were obtained.
As in the fetal state, endocrine-type cells juxtaposed with the ganglion cells could be seen in the plexuses. The former were unable to be distinguished from the PGP 9.5-immunoreactive cells in the intercryptal interstitium. The ganglion cells, which were intensely immunoreactive for PGP 9.5, possessed large nuclei and abundant cytoplasm, being more developed than in the fetal state. Some extended clearly visible cell processes. With the endocrine-type cells, they were closely associated through contact of their cell bodies and formed a structure called a neuroendocrine complex (Fig. 11) . Careful observation of the neuronal and paraneuronal (endocrinetype) components in the plexus could not determine whether or not transitional forms between both types of cells existed.
Immunocytochemistry for gut hormones performed in the 7 h postnatal animal could not serve to determine the incorporation of the endocrine cells by the nervous tissue, because the immunoreactivities were steadily less intensive in the cells more remote from their original site, the tip of the villi. Within the plexus, none of the endocrine-type cells revealed immunoreactivities for any gut hormone. Occasionally were found single, PGP 9.5-immunoreactive cells with larger nuclei (10,um in diameter) and ample cytoplasm (up to 25,um in size) in the middle and lower portions of the villi and in the intercryptal interstitium; such cells were usually associated with nerve fibers (Fig. 12) . Their morphological features supported the view that they were neurons, though at an early stage of differentiation. There were also recognized occasional cells which were intermediate in size and appearance between the endocrine (paraneuronal) and neuronal forms. It is thus most likely that during the fetal and perinatal periods, a part or the whole mass of the endocrine cells in SEGI's cap invaginate and migrate into the lamina propria, to move down to the base of the villi and to the intercryptal tissue; it seems likely that the cells further migrate to reach the level of Meissner's plexus.
In their serial section study in cattle duodenum in the last period of gestation, KURAMOTO et al. (1983) showed the existence of the endocrine cell aggregation in the lamina propria without any connection with the epithelium. They postulated that the cells migrated from the epithelium into the lamina propria, in accordance with the present view.
Migration into the interstitium in the course of ontogenic development seems to be one of the features of intraepithelial paraneurons. The pancreatic duct epithelium was postulated to bud out into the interstitium to form the islets of Langerhans (BENSLEY, 1911/12) . A more recent observation using immunocytochemistry for pancreatic hormones demonstrated that endocrine cells in the embryonic foregut epithelium move out to comprise islet cells (Fuin, 1979) . Endocrine cells in the finch proventricular epithelium migrate into the lamina propria and form neuro-endocrine complexes in the late embryonic and early postnatal development (KATAOKA, 1980) . Endocrine cell clusters were demonstrated by OSAKA (1975) to bud out from the gut epithelium to associate with nervous tissue in the lamina propria in a 4 month human fetus. Olfactory cells in murine fetal nasal mucosa have been demonstrated to migrate into the brain to be transformed into LHRH neurons (SCHWANZEL-FUKUDA and PFAFF, 1989; DAIKOKU-ISHIDO et al., 1990) . Changes suggesting an extrusion of villus concavity could not be demonstrated in the cattle material. The concavity itself on the SEGI's cap is not so regularly formed in cattle as in humans on one hand, and, on the other, it may remain as such after birth. As aggregated paraneurons in the epithelium, pulmonary neuroepithelial bodies seem worthy of being compared with SEGI's caps. Neuroepithelial bodies are distributed at certain sites in the pulmonary epithelium in human infants PEUSKENS, 1969, 1972) , while occurring until adult age in certain animals. The bodies are composed of innervated clusters of endocrine cells, and are believed to be chemoreceptors to the changes in gas composition within the airway (LAUvERYNS et al., 1977; YOUNGSON et al., Fig. 13 . Schematic drawing showing the process whereby the paraneurons in SEGI's cap may descend from the villus to be associated with the intramural nerve plexus. Endocrine cells, immunostained for CgA, form a conspicuous aggregation on the top of the villi in the second trimester of fetal life. In the fetal and perinatal stages they successively migrate into the lamina propria and descend along the nerve fibers, simultaneously losing their immunostainability for CgA, while acquiring that for PGP 9.5. It remains to be decided that the 1993). The prominence of neuroepithelial bodies in mammals during the perinatal period (REDICK and HUNG, 1984: CHO et al., 1989: rabbits; KEITH and EKMAN,1988: hamsters; PERRIN et al., 1991: humans; VAN LOMMEL and LAUWERYNS, 1993: cats) supports the idea that they may be important during the transition from fetal to neonatal life. The neuroepithelial body can be regarded as a bronchopulmonary counterpart of the SEGI's cap in the gut, both comprising paraneuronal sensor cells; a comparative study of both structures is expected to reveal their unelucidated features.
Possible fate of paraneurons in SEGI's caps
During the fetal and perinatal period, the endocrine cells in SEGI's caps apparently migrated into the lamina propria along nerve fibers, and some of these cells in the cryptal portion could be seen associated with the plexus of Meissner.
The endocrine cells in the cap at its original, intraepithelial site were strongly immunoreactive for CgA, whereas those located subepithelially and lower were immunostained less and less clearly. In contrast, these latter cells were increasingly immunoreactive for PGP 9.5. This finding seems to support the view that paraneurons comprising SEGI's caps obtained more neuron-like immunostainability while migrating in association with nerves. Furthermore, the structure suggestive of neuro-endocrine complex seen in the ganglia of Meissner or Auerbach could imply a possible contribution of the paraneurons derived from SEGI's caps to the contents of these ganglia. Our hypothetical view concerning the fate of the paraneurons in the SEGI's cap, including their changing immunoreactivity from CgA to PGP 9.5 during migration, is summarized in Figure 13 . In order to prove or disprove the incorporation of the endocrine cells by the intramural ganglia, the immunoreactivities of the cells for somatostatin, gastrin, serotonin and other gut hormones are considered to be good markers to trace the cells. Although the immunocytochemistry for these hormones was performed only in the 7 h postnatal sample, we had an impression that the cells became less intensely immunoreactive for those hormones while they shifted deeper into the interstitium, and it was difficult to trace immunopositive cells entering the ganglia.
In connection with our finding suggesting the migration of intraepithelial endocrine cells and their possible contribution to the intramural nervous elements, the old view proposed by MASSON seems worthy of being remembered here. On the basis of his observations of the "argentaffin cell tumor" in the human appendix, he (MASSON and BERGER, 1923; MASSON,1924) described, "Intestinal cells bud out and migrate into the nerves and here they become argentaffin. They differentiate thereby into various forms including cells that are ganglionic, Schwannian and neurocrine".
The present study demonstrated that large neuronlike cells occasionally occurred in the lamina propria of the villi, and that it was difficult to draw a boundary between these and the small endocrine cells under presumed migration. The occurrence of small groups of nerve cell bodies within the lamina propria in the stomach or intestine has previously been recorded (VAU,1932: cattle, sheep, and pigs; STOHR,1934: humans; OHKUBO, 1936: monkeys; ISISAWA, 1939: humans; LASSMANN, 1975: humans) . STOHR (1934) suggested that these were displaced (ectopic) submucous ganglia.
The present study proposes a possibility that the paraneurons in SEGI's caps, having migrated into the lamina propria, could, at least partly, be incorporated in the intramural ganglia and further be transformed into neurons. More extensive investigations are needed to determine the validity of this idea and to solve the riddles, especially the functional significances, of the SEGI's cap.
